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Presentation Synopsis 
Individuals with limb amputation fitted with 
conventional socket-suspended prostheses 
often experience socket-related discomfort 
leading to a significant decrease in quality of 
life.
[1-3]
 
Bone-anchored prostheses are increasingly 
acknowledged as viable alternative method 
of attachment of artificial limb.
[4-8]
 In this 
case, the prosthesis is attached directly to 
the residual skeleton through a percutaneous 
fixation.
[5, 9-12]
 
To date, a few osseointegrated devices are 
commercially available, relying either on 
screw-type fixations or press-fit implants.
[4, 
5, 9, 10, 13-27]
 Several devices are at different 
stages of development particularly in Europe 
and the US.
[12, 18, 21, 26-43]
 Clearly, surgical 
procedures are currently blooming 
worldwide. Indeed, Australia is one of the 
fastest growing populations worldwide.  
Previous studies about bone-anchored 
prostheses have focused on fragmented 
surgical and biomechanics aspects as well as 
specific clinical benefits and safety of the 
procedure.
[6, 7, 13-15, 17, 19, 40, 44-87]
 
However, very few publications have 
synthetized this information and provided an 
overview of the current international 
developments in bone-anchored prostheses.  
The purpose of the presentation will be to 
provide an overview of the state-of-art 
developments in bone-anchored prostheses 
with as strong emphasis on various 
treatments (e.g., design of fixations, surgical 
procedures), rehabilitation programs and the 
outcomes (e.g., benefits, harms). 
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Pathways
Rehabilitation
Pathways
Hagberg, K. and R. Branemark, One hundred patients treated with osseointegrated transfemoral amputation prostheses--
rehabilitation perspective. J Rehabil Res Dev, 2009. 46(3): p. 331-44.
• Diabetes
• Smoking
• Severe vascular disease
• Peripheral vascular disease
• Growing skeleton 
• Severe learning disability
• Lack of compliance
• Chemotherapy treatment
• Inability to adhere program / pregnancy
• Arteriosclerosis
• Mental illness
Exclusion criteria
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Hagberg, K. and R. Branemark, One hundred patients treated with osseointegrated transfemoral amputation prostheses--
rehabilitation perspective. J Rehabil Res Dev, 2009. 46(3): p. 331-44.
Inclusion criteria
• Socket-related problems
• Inability to use a conventional prosthesis
• Use of prosthesis limited significantly
• Short residual limb
• Dimension of residual bone
• Quality of residual bone
• Bilateral amputation
• Understanding the risks of complications
• Willing to comply with treatment protocol
• Following the rehabilitation protocol
• Acceptance of disability
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Frossard L, Stevenson N, Sullivan J, Uden M, Pearcy M. Categorisation of activities of daily living of lower limb amputees 
during short-term use of a portable kinetic recording system: a preliminary study. Journal of Prosthetics and Orthotics. 2011. 
23 (1). p 2-11.
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prosthetic system for the treatment of patients with transfemoral amputation: A prospective study of 51 patients. Bone Joint J, 
2014. 96(1): p. 106-113. Errata : Haddad, Bone Joint J: 2014,  96-B 106-113
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Q-TFA
Sitting
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Lundberg, M., K. Hagberg, and J. Bullington, My prosthesis as a part of me: a qualitative analysis of living with an 
osseointegrated prosthetic limb. Prosthetics and Orthotics International, 2011. 35(2): p. 207-214
Body representation
N=13
‘‘ The prosthesis (OI-
prosthesis) is a part of me 
since it works so well, 
and you don’t have to 
think that it’s a problem 
and that it should be hard 
and so forth . . . it’s more 
like a substitute, my ¨
pretend leg ¨ ’’
http://news.bme.com/tag/amputation/
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Hagberg, K., E. Häggström, S. Jönsson, B. Rydevik, and R. Brånemark, Osseoperception and Osseointegrated Prosthetic 
Limbs, P. Gallagher, D. Desmond, and M. MacLachlan, Editors. 2008, Springer London. p. 131-140
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Limbs, P. Gallagher, D. Desmond, and M. MacLachlan, Editors. 2008, Springer London. p. 131-140
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Tranberg, R., R. Zügner, and J. Kärrholm, Improvements in hip- and pelvic 
motion for patients with osseointegrated trans-femoral prostheses. Gait & 
Posture, 2011. 33(2): p. 165-168
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Frossard, L., K. Hagberg, E. Haggstrom, D. Lee Gow, R. Branemark, and M. Pearcy, Functional outcome of transfemoral 
amputees fitted with an osseointegrated fixation: Temporal gait characteristics. Journal of Prosthetics and Orthotics, 2010. 
22(1): p. 11-20
Walking abilities
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Activities of daily living
Frossard L, Stevenson N, Smeathers J, Häggström E, Hagberg K, Sullivan J, Ewins D, Lee Gow D, Gray S, Brånemark R. 
Monitoring of the load regime applied on the osseointegrated fixation of a trans-femoral amputee: A tool for evidence-based 
practice. Prosthetics and Orthotics International. 2008. 32 (1). 
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Safety
[1] Al Muderis, M., K. Tetsworth, A. Khemka, S. Wilmot, B. Bosley, S.J. Lord, and V. Glatt, The Osseointegration Group of 
Australia Accelerated Protocol (OGAAP-1) for two-stage osseointegrated reconstruction of amputated limbs. Bone & Joint 
Journal, 2016. 98-B(7): p. 952-960.
Infections Overview – Superficial infections
Safety
[1] Al Muderis, M., A. Khemka, S. Lord, H. Van de Meent, and J. Frolke, Safety of Osseointegrated Implants for Transfemoral
Amputees: A Two-Center Prospective Cohort Study. The Journal of Bone & Joint Surgery, 2016. 98(11): p. 900-909.
Infections Overview – Superficial infections
Inclusion Follow-up
?
Reference [1]
Number of participants in study 86
Low-grade soft-tissue infection = Cellulitis 
with signs of inflammation (redness, 
swelling, warmth, stinging pain, pain that 
increases on loading, tense)
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[1] Tillander, J., K. Hagberg, L. Hagberg, and R. Branemark, Osseointegrated Titanium Implants for Limb Prostheses 
Attachments: Infectious Complications. Clinical Orthopaedic Related Research, 2010. 468(10): p. 2781-2788
[2] Branemark, R., O. Berlin, K. Hagberg, P. Bergh, B. Gunterberg, and B. Rydevik, A novel osseointegrated percutaneous 
prosthetic system for the treatment of patients with transfemoral amputation: A prospective study of 51 patients. Bone Joint J, 
2014. 96(1): p. 106-113.
Infections Overview – Superficial infections
Inclusion Follow-up
(2-3 yrs) (S2-2 yrs)
Reference [1] [2] [1] [2]
Number of participants in study 39 51 39 51
Local soft tissue infection in the skin 
penetration area / Superficial infection 17% 11% 29% 80%
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[1] Tillander, J., K. Hagberg, L. Hagberg, and R. Branemark, Osseointegrated Titanium Implants for Limb Prostheses 
Attachments: Infectious Complications. Clinical Orthopaedic Related Research, 2010. 468(10): p. 2781-2788
[2] Branemark, R., O. Berlin, K. Hagberg, P. Bergh, B. Gunterberg, and B. Rydevik, A novel osseointegrated percutaneous 
prosthetic system for the treatment of patients with transfemoral amputation: A prospective study of 51 patients. Bone Joint J, 
2014. 96(1): p. 106-113.
Infections Overview – Superficial infections
Inclusion Follow-up
(2-3 yrs) (S2-2 yrs)
Reference [1] [2] [1] [2]
Number of participants in study 39 51 39 51
Local soft tissue infection in the skin 
penetration area / Superficial infection 17% 11% 29% 80%
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[1] Al Muderis, M., K. Tetsworth, A. Khemka, S. Wilmot, B. Bosley, S.J. Lord, and V. Glatt, The Osseointegration Group of 
Australia Accelerated Protocol (OGAAP-1) for two-stage osseointegrated reconstruction of amputated limbs. Bone & Joint 
Journal, 2016. 98-B(7): p. 952-960.
Infections Overview - Deep infections
Safety
[1] Al Muderis, M., A. Khemka, S. Lord, H. Van de Meent, and J. Frolke, Safety of Osseointegrated Implants for Transfemoral
Amputees: A Two-Center Prospective Cohort Study. The Journal of Bone & Joint Surgery, 2016. 98(11): p. 900-909.
Infections Overview – Superficial infections
Inclusion Follow-up
?
Reference [1]
Number of participants in study 86
High-grade soft-tissue infection = Pus 
collection, purulent discharge, raised level of
C-reactive protein
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Attachments: Infectious Complications. Clinical Orthopaedic Related Research, 2010. 468(10): p. 2781-2788
[2] Branemark, R., O. Berlin, K. Hagberg, P. Bergh, B. Gunterberg, and B. Rydevik, A novel osseointegrated percutaneous 
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2014. 96(1): p. 106-113.
Overview - Deep infections
Inclusion Follow-up
(2-3 yrs) (S2-2 yrs)
Reference [1] [2] [1] [2]
Number of participants in study 39 51 39 51
Definite implant infection / Deep implant 
infection 5% 11% 15% 6%
Safety
[1] Tillander, J., K. Hagberg, L. Hagberg, and R. Branemark, Osseointegrated Titanium Implants for Limb Prostheses 
Attachments: Infectious Complications. Clinical Orthopaedic Related Research, 2010. 468(10): p. 2781-2788
[2] Branemark, R., O. Berlin, K. Hagberg, P. Bergh, B. Gunterberg, and B. Rydevik, A novel osseointegrated percutaneous 
prosthetic system for the treatment of patients with transfemoral amputation: A prospective study of 51 patients. Bone Joint J, 
2014. 96(1): p. 106-113.
Infections Overview - Deep infections
Inclusion Follow-up
(2-3 yrs) (S2-2 yrs)
Reference [1] [2] [1] [2]
Number of participants in study 39 51 39 51
Definite implant infection / Deep implant 
infection 5% 11% 15% 6%
Short course of antibioticse
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Infections
Safety
Source: Facebook accessed 12/04/2016
Breakage
High-impact activities / Falls
Source: Facebook accessed 21/11/2015
Infections
Safety
Thompson M. Mechanical analysis of osseointegrated transfemoral implant systems. 2009. Master Thesis. Queen’s 
University Kingston, Ontario, Canada
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Breakage
Infections
Safety
Titel RSA and radiographic
Nebergall, A., C. Bragdon, A. Antonellis, J. Kärrholm, R. Brånemark, and H. Malchau, Stable fixation of an osseointegated
implant system for above-the-knee amputees. Acta Orthopaedica, 2012. 83(2): p. 121-128
Loosening
N=55
1, 2, 5, 7, 10 years post-op
Strong bonding
Loosening
Breakage
Infections
Safety
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Future developments
Future developments
Kang, N.V., C. Pendegrass, L. Marks, and G. Blunn, Osseocutaneous integration of an intraosseous transcutaneous 
amputation prosthesis implant used for reconstruction of a transhumeral amputee: Case report. The Journal of Hand Surgery, 
2010. 35(7): p. 1130-1134.
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Future developments
http://www.healio.com/orthotics-prosthetics/prosthetics/news/online/%7Bbf5a0e16-eb8c-4e89-aa8b-
0e2941bc31fb%7D/researcher-announces-plans-for-fda-study-of-osseointegrated-implants
University of Utah - Orthopaedics DepartmentFixation
FDA
Clinical 
trial
Future developments
Pitkin, M., C. Cassidy, R. Muppavarapu, R. J, M. Shevtsov, O. Galibin, and S. Rousselle, New method of fixation of in-bone 
implanted prosthesis. J Rehabil Res Dev, 2013. 50(5): p. 709-722.
Tuft UniversityFixation
e
P
ri
n
t 
V
e
rs
io
n
36
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